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CLAIMS 



[Claim(s)] 

[Claim 1] In the surface layer property measuring method which measures the property of the surface layer of 
this analyte from two or more acoustic signals received from analyte The group delay of the frequency of the 
arbitration between two acoustic signals in said two or more acoustic signals is found. The measuring method of 
the surface layer property characterized by changing the group delay of the frequency of the arbitration between 
said two acoustic signals searched for into a surface layer property based on the relation between the group 
delay found beforehand and said surface layer property, and measuring the property of the surface layer of 
analyte. 

[Claim 2] The measuring method of the surface layer property according to claim 1 characterized by the relation 
of said group delay and surface layer property which were searched for beforehand being the transform function 
changed into the property of a surface layer from group delay. 

[Claim 3] The measuring method of the surface layer property according to claim 1 or 2 characterized by said 
surface layer property being hardening layer thickness. 

[Claim 4] It is the surface layer property measuring method according to claim 2 which said surface layer property 
is the depth direction distribution of the physical properties of a surface layer, and is characterized by for the 
frequencies of said arbitration being two or more frequencies, and being a transform function with which said 
transform function relates the group delay of two or more of said frequencies, and the depth direction distribution 
of said physical properties according to the depth direction energy distribution. 

[Claim 5] It is the surface layer property measuring method according to claim 2 which said surface layer property 
is the depth direction distribution of the physical properties of a surface layer, and is characterized by for the 
frequencies of said arbitration being two or more frequencies, and being a transform function with which said 
transform function relates the group delay of two or more of said frequencies, and the depth direction distribution 
of said physical properties according to the depth direction sound pressure distribution. 

[Claim 6] said surface layer property — the depth direction distribution of the physical properties of a surface 
layer — it is — the frequency of plurality [ frequency / of said arbitration ] — it is — said transform function — 
the group delay of two or more of said frequencies, and the depth direction distribution of said physical properties 
— the depth direction — a variation rate — the surface layer property measuring method according to claim 2 
characterized by being the transform function associated according to distribution. 

[Claim 7] A surface layer property measuring method given in claim 4 characterized by said surface layer property 
being hardness distribution of a surface layer thru/or any 1 term of 6. 

[Claim 8] In the surface layer property measuring device which measures the property of the surface layer of this 
analyte from two or more acoustic signals received from analyte A group delay operation means to compute the 
group delay between two acoustic signals of the arbitration which received in a different location among two or 
more acoustic signals received with a sound reception means to receive the acoustic signal which spreads said 
analyte front face, and this sound reception means, The surface layer property measuring device characterized by 
having a surface layer property conversion means to change into the surface layer property of this analyte the 
group delay calculated with this group delay operation means. 

[Claim 9] The surface layer property measuring device according to claim 8 by which it is characterized [ which is 
characterized by said sound reception means coming to contain a means to transmit an acoustic signal ]. 
[Claim Id] The surface layer property measuring device according to claim 8 characterized by said surface layer 
property conversion means coming to contain the memory in which the relation between hardening layer 
thickness and group delay was stored, and the arithmetic circuit which calculates hardening layer thickness from 
said group delay based on said relation memorized by this memory. 

[Claim 11] The surface layer property measuring device according to claim 8 characterized by said surface layer 
property conversion means coming to contain hardening layer thickness, the memory in which the relation of the 
sonic rate of change to a base material was stored, and the arithmetic circuit which calculates hardening layer 
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thickness from said group delay based^i said relation memorized by this mem^^^ 

[Claim 12] The surface layer propert^^^nsuring device according to claim 8 c^^Kterized by said surface layer 
property conversion means coming to^rontain the memory in which the hardness of analyte and the relation of 
group-velocity rate of change were stored, and the arithmetic circuit which calculates the hardness distribution 
on the front face of analyte from said group-velocity rate of change based on said relation memorized by this 
memory. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach and equipment which measure the property of an 

analyte surface layer by un-destroying using an acoustic signal. 

[0002] 

[Description of the Prior Art] The method of using sonic change of a surface wave as an approach of measuring 
the depth direction distribution of the thickness of a surface layer or the properties (hardness etc.) of a surface 
layer by un-destroying is learned. This approach uses that the acoustical property of a surface layer, i.e., the 
elastic modulus and consistency of a surface layer, differs from the base material section. That is, the rate that a 
surface wave spreads the surface layer and the base material section of a surface wave with the thickness of a 
surface layer since 90% or more of energy exists in the depth direction from the front face of analyte at one wave 
of within the limits changes. Consequently, it will be said that the acoustic velocity of a surface wave changes 
according to the thickness of a surface layer. 

[0003] There is an approach indicated by JP,62-277554,A as a measuring method using this principle. By this 
approach, the analyte front face was made to spread a surface wave, it was received by one side, acoustic 
velocity was searched for from the propagation time in the meantime, and the thickness of a surface layer is 
measured from the sonic rate of change on the basis of the acoustic velocity of a base material. However, in a 
surface wave, the phenomenon which the way of a RF spreads according to the distributed phenomenon in which 
acoustic velocity changes with frequencies, more quickly than low frequency arises, and it changes or spreads 
with propagation. For this reason, by the above-mentioned approach, highly precise propagation-time 
measurement is difficult. 

[0004] As a means to solve this, there is a method of searching for acoustic velocity from the propagation time 
for every frequency, and the approach announced by nondestructive inspection (39th volume No. 2 pp. 99 -103) 
"nondestructive evaluation of the surface layer by the Rayleigh wave" is learned as this example. By this 
approach, the phase velocity of two or more frequencies is measured, and the depth direction distribution of the 
elastic modulus of a surface layer is calculated from that rate of change. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, although the phase velocity of the wave number is 
measured two or more rounds with the above-mentioned conventional technique, measurement of the phase time 
delay between the points receiving [ 2 ] is needed for this. About both the received waves received at said point 
receiving [ 2 ]. a phase time delay is computed from the phase contrast of a certain frequency component. This 
process is explained with reference to drawin g 10 . In this drawing, the wave of the angular frequency omega in 
the receiving point 2 presupposes that there is phase lag of thetar (omega) to the wave of the angular frequency 
omega in the receiving point 1. however, ** which the trough A of the receiving point 1 is the trough B of the 
receiving point 2 in fact, or is trough B' or are other troughs which 2pi left ready several times — it is not clear. 
That is, the optionality of 2npi (n is an integer) exists in phase contrast theta (omega), and it is phase contrast 
theta (omega), theta(omega) =thetar+(omega) 2npi ... (1) 

It can express. On the other hand, it is phase time delay taup (omega), taup =(omega) theta (omega) / omega ... 

(2) 

Since it is come out and computed, it is too influenced of the optionality of 2npi. For this reason, it is necessary 
to solve this problerrl with another means. 

[0006] So, by the well-known example of said latter, where the condition and surface layer of a base material are 
formed, a means to ask the known acoustic velocity and the known propagation path length of a base material for 
near phase contrast, and to ask only for the gap between - pi-pi from the phase contrast by measurement from a 
premise that only the difference within 2npi is produced in the phase contrast of received waves is adopted. 
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However, when the case where the I^B^on of transmission or reception is una^He, and a propagation path are 
curved surfaces and measurement o^^P3agation path length is difficult, near ^Bse contrast cannot be known 
with said means, as a result measurement of the elastic modulus (hardness) of a surface layer becomes difficult. 
[0007] This invention was made in view of the actual condition of such a conventional technique, and the purpose 
is in offering the approach and equipment which can measure the property of a surface layer, even if propagation 
path length is strange. 
[0008] 

[Means for Solving the Problem] In the surface layer property measuring method with which the 1st means 
measures the property of the surface layer of this analyte from two or more acoustic signals received from 
analyte in order to attain the above-mentioned purpose The group delay of the frequency of the arbitration 
between two acoustic signals in said two or more acoustic signals is found. It is characterized by changing the 
group delay of the frequency of the arbitration between said two acoustic signals into a surface layer property, 
and measuring the property of the surface layer of analyte from the relation between the group delay found 
beforehand and said surface layer property. 

[0009] In this case, the transform function changed into the property of a surface layer from group delay is 
introduced as relation of the property of said group delay and surface layer for which it asked beforehand, and 
hardening layer thickness is measured as a surface layer property. 

[0010] Moreover, when measuring the depth direction distribution of the physical properties of a surface layer as 
said surface layer property, the frequencies of said arbitration are two or more frequencies, introduce the 
transform function which associates the group delay of two or more of said frequencies, and the depth direction 
distribution of said physical properties according to the depth direction energy distribution as said transform 
function, and measure hardness distribution of a surface layer as a surface layer property. 
[0011] Moreover, it can replace with said energy distribution and sound pressure distribution or displacement 
distribution can also be introduced. 

[0012] In the surface layer property measuring device with which the 2nd means measures the property of the 
surface layer of this analyte from two or more acoustic signals received from analyte A group delay operation 
means to compute the group delay between two acoustic signals of the arbitration which received in a different 
location among two or more acoustic signals received with a sound reception means to receive the acoustic 
signal which spreads said analyte front face, and this sound reception means, It is characterized by having a 
surface layer property conversion means to change into the surface layer property of this analyte the group delay 
calculated with this group delay operation means. 

[0013] In this case, it can also constitute so that said sound reception means may serve as both functions 
including a means to transmit an acoustic signal. 

[0014] Moreover, the related storage section by which said surface layer property conversion means was stored 
in the relation between hardening layer thickness and group delay. The related storage section in which hardening 
layer thickness and the relation of sonic rate of change [ as opposed to a base material in constituting including 
the arithmetic circuit which calculates hardening layer thickness from said group delay based on said relation 
memorized by this related storage section **** ] were stored, The related storage section in which it constituted 
including the arithmetic circuit which calculates hardening layer thickness from said group delay based on said 
relation memorized by this related storage section, or the hardness of analyte and the relation of group-velocity 
rate of change were stored, Based on said relation memorized by this related storage section, it can constitute 
from said group delay including the arithmetic circuit which calculates the hardness distribution on the front face 
of analyte, respectively. 

[0015] Thus, if constituted, since group delay is the value which differentiated the phase with angular frequency, 
it can be computed regardless of the optionality of 2npi of a phase. It becomes unnecessary to introduce the 
solution means of measuring propagation path length by this. 

[0016] Moreover, since the depth direction energy distribution is known when it is the formula which associates 
the depth direction distribution of the relative group delay of two or more frequencies, and relative group velocity 
for the change function which searches for a surface layer property according to the depth direction energy 
distribution of an acoustic signal, and the function which associates group-velocity rate of change and the 
physical-properties value of a surface layer, the depth direction distribution of relative group velocity is 
computable with the inverse transformation of this formula. Relative group velocity can compute the group- 
velocity rate of change to the base material group velocity of each class in accordance with the group velocity of 
a base material by the deepest part of the depth direction. Next, this group-velocity rate of change is changed 
into the physical-properties value of a surface layer based on said relation, in addition, that it can be with 
relativity here, it is one (propagation path length is not used for count) with strange propagation path length, and 
is because the rate itself is not necessarily computed. 
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[Example] Hereafter, 1 operation ges^^bf this invention is explained with refe^Bee to a drawing. 
[0018] The mode of propagation uses the supersonic wave of a surface wave at drawin g 1 , and the outline 
configuration of the surface layer property measuring device which measures the property of the hardening layer 
formed in the steel-materials front face is shown. 

[0019] Layer thickness measurement equipment is equipped with a receiver 1, a receiver 2, the sound receive 
section 3, a digitizer 4, the group delay operation part 5, the surface layer property operation part 6, and the 
output section 7 in this drawing. 

[0020] In drawing 1 . among the surface waves which spread the field where the hardening layer 1 1 was formed in 
the front face of steel materials 1 0. a receiver 1 receives the supersonic wave 8 refracted in the receiver 1 side 
concerned, and the receiver 2 left and arranged from the receiver 1 receives the supersonic wave 9 refracted in 
the receiver 2 side concerned. A supersonic wave 8 and a supersonic wave 9 are changed into an electrical 
signal, and are respectively changed into wave x(t) of a digital signal, and y (t) with the digitizer 4 which is 
amplified in the sound receive section 3 which consists of ultrasonic flow detectors etc., and consists of digital 
oscilloscopes etc. In a digitizer 4, this digital signal is held from a certain time of day about a supersonic wave 8 
as wave x(t) of the digital signal of the time amount section (a "time window" is called hereafter) of constant 
width, and is held about a supersonic wave 9 as wave [ of the digital signal of the time window which begins from 
the time of day which may differ from x (t) ] y (t). In addition, although an operator may specify logging of a time 
window, as long as the near time amount in which a supersonic wave 8 and a supersonic wave 9 appear is known, 
the time window which fixed the time delay beforehand may be prepared. 

[0021] In the group delay operation part 5. group delay tauU (omega (omega) is the angular frequency of a 
supersonic wave) of two or more round wave number of said wave x(t) and wave y (t) is calculated, and the 
property of a surface layer is calculated by the surface layer property operation part 6. The calculated result is 
outputted in the output section 7. Moreover, the logging location and width of face of a time window are inputted 
from the input section 12. In addition, the same receiver is satisfactory for a receiver 1 and a receive section 2. 
However, it is necessary to change the location of a receiver and to receive a surface wave in that casej in a 
different location. 

[0022] The example of 1 configuration of the group delay operation part 5 and the function of each part are 
explained with reference to dr awin g 2 . A control circuit 501 reads wave x(t) as controlled the change-over 
machine 502 and shown in drawing 3 from a digitizer 4. and wave y (t), and memorizes them in the wave x (t) 
memory 503 and the wave y (t) memory 504. respectively. Next, a control circuit 501 controls the change-over 
machine 505, reads a wave and makes the fourier converter 506 carry out the Fourier transform of the wave y (t) 
for a wave to wave x(t) by delivery and the fourier converter 506 from the wave x (t) memory 503 and the wave y 
(t) memory 504. Wave x(t) by which the Fourier transform was carried out, arid y (t) are respectively memorized 
by the X (omega) memory 508 and the Y (omega), memory 509 which are further chosen with the change-over 
vessel 507 controlled by the control circuit 501. Next, based on the data point memorized by the X (omega) 
memory 508 and the Y (omega) memory 509. the cross spectrum of X (omega) and Y (omega) is computed with 
the cross-spectrum computing element 510, and the result of an operation is memorized in the Z (omega) 
memory 51 1. In addition, the X (omega) memory 508. the Y (omega) memory 509, and the Z (omega) memory 51 1 
consist of real number memory and imaginary memory, respectively. The cross spectrum memorized by the Z 
(omega) memory 51 1 is inputted phase characteristic computing-element 512. and the phase characteristic theta 
of a cross spectrum (omega) (refer to drawing 3 ) is computed. The computed migration property theta (omega) is 
differentiated with the phase differentiator 513. and a time delay is found. The propagation-time adder 514 adds 
time delay tauwindow between the time delay found with the phase differentiator 513. and the time window read 
from the wave **** condition memory 515. Group delay [ as a result of being added ] tauU (omega) is sent to the 
surface layer property operation part 6. 

[0023] Procedure which asks for group delay tauU (omega) from the phase characteristic theta of a cross 

spectrum (omega) in the above function tauU =(omega) dth'eta(omega)/d omega+tau window ... (3) 

It is come out and expressed. This formula (3) shows that it can be computed even if group delay tauU (omega) 

has the optionality of 2npi in the phase theta of a cross spectrum (omega), since said 2npi is not contained as an 

element. 

[0024] The surface layer property operation part 6 has an arithmetic circuit 61 and memory 62, as shown in 
drawing 4 . This example is an example which measures the thickness of a hardening layer as a property of a 
hardening layer. Hardening layer thickness and the relation of group delay are beforehand stored in said memory 
62. As an example of this relation, artificers show the example of the experimental result which performed 
distance of a receiver 1 and a receiver 2 as about 57mm to the bottom of the equipment configuration of drawing 
1 to dravying 5 . This drawing shows hardening layer thickness and the relation of the group delay of a 4.8MHz 
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surface wave, and group delay is shot^Hj^this drawing, so that hardening layer |jM|mess becomes thick. That is, it 
turns out that group velocity is in thJ^^ination which becomes so quick thatHoening layer thickness is thick. 
From this, it can ask for this relation using the test piece whose thickness is two or more known kinds, and can 
ask for hardening layer thickness from group delay conversely by using as a calibration curve. In addition, the 
hardening layer thickness and the relation of group delay which are memorized in memory 62 are memorized 
about the wave number two or more rounds, and refer to the relation of a required frequency for them from 
memory 62. As for the frequency at this time, it is desirable to consider as the frequency which is extent the 
thickness of a hardening layer and whose order of wavelength correspond, and to use a probe with the large 
amplitude of that frequency region. 

[0025] In addition, the relation between hardening layer thickness and the sonic rate of change to a base material 
is sufficient as the data memorized in memory 62. Moreover, three or more receivers may be prepared, the group 
delay of the supersonic wave received with two receivers of arbitration may be found, and same processing may 
be performed. 

[0026] Thus, since group delay tauU (omega) computed from a formula (3) is changed into the property of a 
surface layer with this operation gestalt Even if the optionality of 2npi is in the phase theta of a cross spectrum 
(omega), are computable. The need of calculating the value of n of 2npi of a phase like the above-mentioned 
phase time delay by this, The function which measures correctly, the measurement conditions, for example, the 
propagation path length, of a phase time delay, measurement conditions where the condition and surface layer of 
a base material are formed, that only the difference within 2npi is produced in the phase contrast of received 
waves, etc. become unnecessary, and a measurement process and an equipment configuration can be simplified. 
[0027] Here, the contents of concrete processing when measuring the property (thickness) of the hardening layer 
of the arithmetic circuit 61 of the surface layer property operation part 6 are explained. Drawing 6 is a flow chart 
which shows processing of the surface layer property operation part 6, and the relation of data flow. 
[0028] In this processing, group delay tauU (omega) is read from the group delay operation part 5 at step 61 1 
after processing initiation, further, the thickness of a hardening layer and the relation of group delay are read from 
memory (related storage section) 62, and group delay is changed into thickness from this relation. Subsequently, 
the thickness of the hardening layer changed from group delay tauU at step 612 (omega) is outputted to the 
output section 7, and it asks that it is processing termination at step 613, and if it is not termination, it will return 
to step 61 1. In addition, the thickness of a hardening layer and the relation of sonic rate of change are sufficient 
as the data read from memory (related storage section) 62 at step 61 1. 

[0029] Next, an approach with it is explained. [ effective when the hardness of a hardening layer approaches the 
hardness of a base material continuously (a hardening layer actually shows such a property in many cases) ] 
[0030] The surface layer property operation part 6 shown in d rawin g 4 can be constituted as follows, when 
measuring the depth direction distribution of a hardening layer as a property of a hardening layer. That is, the 
relation between hardness as shown in drawin g 7 , and group-velocity rate of change is stored in memory 62. 
Hardness needs to measure this relation beforehand using a known test piece etc. Moreover, an arithmetic circuit 
61 has the calculation function which changes group-velocity rate of change into hardness. 

[0031] Here, the example of concrete processing in an arithmetic circuit 61 is explained. Drawing 8 is a flow chart 
which shows processing and data flow of an arithmetic circuit 61. Group delay tauU (k(omegak) =1-n) of two or 
more round wave number of n pieces is read from the group delay operation part 5 at step 614 after processing 
initiation. It divides into the false layer for count near the front face of analyte (a "count layer" is called 
hereafter) here, and is Un from U1 from the shallower one to order about the group velocity of each class. It sets. 
Here, a count layer is assumed to the depth from which the hardness of a hardening layer becomes equivalent to 
the hardness of a base material. As for the energy distribution of a surface wave, 90% or more of energy is 
distributed over one wave of within the limits under a front face, and it is known theoretically that the energy 
distribution will change exponentially ( elastic wave theory PAGA88 written by Yasuo Sato), for this reason, the 
group velocity V of a certain wavelength (omega) — energy distribution Pk of each count layer Group velocity Uk 
from — weight — if it assumes that it is computable on the average V(omegak) =sigma (Pk Uk) ... (4) 
(sigmaPk =1 [ however, ]) is materialized. In addition, sound pressure distribution, displacement distribution, etc. 
may be used instead of energy distribution. If a formula (4) is expressed about a total-session layer V=PU ... (5) 
It is expressed, nxl matrix and U to which V expresses the group velocity of angular-frequency omegak (k=1-n) 
here are the count layer k (k=1-n) (nxl matrix showing group velocity and P are the nxn matrices showing the 
energy distribution of angular-frequency omegak (k=1-n).). Energy distribution P will be the group velocity U of a 
count layer, if the group velocity V of angular-frequency omegak (k=l-n) is measured from thie theory, since it is 
known. U=P-1V ... (6) ' . - 

It comes out and asks. 

[0032] However, since the propagation distance L has not measured correctly here, the group velocity V of each 
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frequency contains the strange multjglU^ L Therefore, it depends for the grot^^klocity U of a count layer on the 
strange multiplier L However, since ^^n presume that the deepest count lay^^ in a count layer shows a group 
velocity comparable as a base material, group-velocity rate of change is calculated as a value by the strange 
multiplier L using the group velocity Un here. Group-velocity rate of change of each count layer (%) {(Uk-Un) /Un} 
♦100... (7) 

It is given by (however. k=1-n). 

[0033] In the above procedure, group-velocity rate-of-change distribution of the depth direction is computed at 
step 614. Next, at step 615, the relation between group-velocity rate of change and hardness is read from 
memory (related storage section) 62, and group-velocity rate of change is changed into hardness. And hardening 
layer thickness is outputted to the output section 7 at step 616. and it asks that it is processing termination at 
step 617, and if it is not termination, it will return to step 614. 

[0034] Here, although hardness distribution was searched for. if even the threshold hardness is defined as a 
hardening layer by making a certain hardness into a threshold, in step 615. it can ask for hardening layer thickness 
easily from hardness distribution. 

[0035] Thus, according to this operation gestalt, since group-velocity rate-of-change distribution of the depth 
direction is searched for for the group velocity of the deepest count layer as criteria (group velocity of a base 
material) for every measurement, a probe can be arranged in the distance of arbitration for every measurement. 
Therefore, with the irregularity on the front face of analyte, when the location of the probe index to the analyte of 
an acoustic signal or an outgoing radiation point is unstable, or when a propagation path is a curved surface, 
measurement becomes possible. 

[0036] In addition, in the above-mentioned operation gestalt, although the property of a surface layer was 
explained as the thickness of a surface layer, or hardness distribution of a surface layer, if it is the property which 
has group-velocity rate of change, such as a consistency, an elastic modulus, and residual stress, and correlation 
other than hardness in the rate of change of group velocity since it is the approach of evaluating a property 
secondarily as an index, it is theoretically measurable in the property by the same approach and equipment. 
[0037] Next, other operation gestalten are explained. This operation gestalt is an example in the case of making 
an analyte front face generate a surface wave actively, and shows that outline configuration to drawin g 9 . 
[0038] Layer thickness measurement equipment is equipped with transceiver machine la, a receiver 2, sound 
transceiver section 3a, a digitizer 4, the group delay operation part 5, the surface layer property operation part 6. 
and the output section 7 in this drawing. With this layer thickness measurement equipment, transceiver machine 
la to ultrasonic 8a is transmitted in response to the transmitted pulse from sound transceiver section 3a which 
consists of ultrasonic flow detectors etc. Mode transformation of the ultrasonic 8a is carried out to a surface 
wave in an interface with steel materials 10, and it reflects at the edge of a wedge 12, and the surface wave 
which carried out mode transformation is divided into ultrasonic 8b again refracted in a wedge, and the supersonic 
wave 9 which passes through an edge and is received with another receiver 2, receives these, respectively, and is 
similarly processed by the same each part as the above-mentioned operation gestalt. 

[0039] Thus, since it becomes unnecessary to newly prepare a sound transmitter when constituted, an equipment 

configuration can be simplified. 

[0040] 

[Effect of the Invention] Since the approach, the function, or the measurement conditions of calculating the value 
of n of 2npi of a phase like a phase time delay become unnecessary according to this invention, a measurement 
process and an equipment configuration can be simplified. 

[0041] Moreover, according to this invention, a probe can be arranged in the distance of arbitration for every 
measurement. Therefore, with the irregularity on the front face of analyte. when the location of the outgoing 
radiation point of the probe index to the analyte of an acoustic signal is unstable, or when a propagation path is a 
curved surface, measurement becomes possible. 

[0042] Furthermore, according to this invention, even when it is necessary to make an analyte front face generate 
a surface wave actively, it is not necessary to newly prepare a sound transmitter, and an equipment configuration 
becomes easy. 



[Translation done.] 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the approach and equipment which measure the property of an 
analyte surface layer by un-destroying using an acoustic signal. 
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PRIOR ART 



[Description of the Prior Art] The method of using sonic change of a surface wave as an approach of measuring 
the depth direction distribution of the thickness of a surface layer or the properties (hardness etc.) of a surface 
layer by un-destroying is learned. This approach uses that the acoustical property of a surface layer, i.e.. the 
elastic modulus and consistency of a surface layer, differs from the base material section. That is. the rate that a 
surface wave spreads the surface layer and the base material section of a surface wave with the thickness of a 
surface layer since 90% or more of energy exists in the depth direction from the>front face of analyte at one wave 
of within the limits changes. Consequently, it will be said that the acoustic velocity of a surface wave changes 
according to the thickness of a surface layer. 

[0003] There is an approach indicated by JP,62-277554,A as a measuring method using this principle. By this 
approach, the analyte front face was made to spread a surface wave, it was received by one side, acoustic 
velocity was searched for from the propagation time in the meantime, and the thickness of a surface layer is 
measured from the sonic rate of change on the basis of the acoustic velocity of a base material. However, in a 
surface wave, the phenomenon which the way of a RF spreads according to the distributed phenomenon in which 
acoustic velocity changes with frequencies, more quickly than low frequency arises, and it changes or spreads 
with propagation. For this reason, by the above-mentioned approach, highly precise propagation-time 
measurement is difficult. 

[0004] As a means to solve this, there is a method of searching for acoustic velocity from the propagation time 
for every frequency, and the approach announced by nondestructive inspection (39th volume No. 2 pp. 99 -103) 
"nondestructive evaluation of the surface layer by the Rayleigh wave" is learned as this example. By this 
approach, the phase velocity of two or more frequencies is measured, and the depth direction distribution of the 
elastic modulus of a surface layer is calculated from that rate of change. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Since the approach, the function, or the measurement conditions of calculating the value 
of n of 2npi of a phase like a phase time delay become unnecessary according to this invention, a measurement 
process and an equipment configuration can be simplified. 

[0041] Moreover, according to this invention, a probe can be arranged in the distance of arbitration for every 
measurement. Therefore, with the irregularity on the front face of analyte, when the location of the outgoing 
radiation point of the probe index to the analyte of an acoustic signal is unstable, or when a propagation path is a 
curved surface, measurement becomes possible. 

[0042] Furthermore, according to this invention, even when it is necessary to nriake an analyte front face generate 
a surface wave actively, it is not necessary to newly prepare a sound transmitter, and an equipment configuration 
becomes easy. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way, although the phase velocity of the wave number is 
measured two or more rounds with the above-mentioned conventional technique, measurement of the phase time 
delay between the points receiving [ 2 ] is needed for this. About both the received waves received at said point 
receiving [ 2 ]. a phase time delay is computed from the phase contrast of a certain frequency component. This 
process is explained with reference to drawing 10 . In this drawing, the wave of the angular frequency omega in 
the receiving point 2 presupposes that there is phase lag of thetar (omega) to the wave of the angular frequency 
omega in the receiving point 1. however, ♦* which the trough A of the receiving point 1 is the trough B of the 
receiving point 2 in fact, or is trough B' or are other troughs which 2pi left ready several times — it is not clear. 
That is, the optionality of 2npi (n is an integer) exists in phase contrast theta (omega), and it is phase contrast 
theta (omega), theta(omega) =thetar+(omega) 2npi ... (1) 

It can express. On the other hand, it is phase time delay taup (omega), taup =(omega) theta (omega) / omega ... 

(2) 

Since it is come out and computed, it is too influenced of the optionality of 2npi. For this reason, it is necessary 
to solve this problem with another means. 

[0006] So, by the well-known example of said latter, where the condition and surface layer of a base material are 
formed, a means to ask the known acoustic velocity and the known propagation path length of a base material for 
near phase contrast, and to ask only for the gap between - pi-pi from the phase contrast by measurement from a 
premise that only the difference within 2npi is produced in the phase contrast of received waves is adopted. 
However, when the case where the location of transmission or reception is unstable, and a propagation path are 
curved surfaces and measurement of propagation path length is difficult, near phase contrast cannot be known 
with said means, as a result measurement of the elastic modulus (hardness) of a surface layer becomes difficult. 
[0007] This invention was made in view of the actual condition of such a conventional technique, and the purpose 
is in offering the approach and equipment which can measure the property of a surface layer, even if propagation 
path length is strange. 
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MEANS 



[Means for Solving the Problem] In the surface layer property measuring method with which the 1st means 
measures the property of the surface layer of this analyte from two or more acoustic signals received from 
analyte in order to attain the above-mentioned purpose The group delay of the frequency of the arbitration 
between two acoustic signals in said two or more acoustic signals is found. It is characterized by changing the 
group delay of the frequency of the arbitration between said two acoustic signals into a surface layer property, 
and measuring the property of the surface layer of analyte from the relation between the group delay found 
beforehand and said surface layer property. 

[0009] In this case, the transform function changed into the property of a surface layer from group delay is 
introduced as relation of the property of said group delay and surface layer for which it asked beforehand, and 
hardening layer thickness is measured as a surface layer property. 

[0010] Moreover, when measuring the depth direction distribution of the physical properties of a surface layer as 
said surface layer property, the frequencies of said arbitration are two or more frequencies, introduce the 
transform function which associates the group delay of two or more of said frequencies, and the depth direction 
distribution of said physical properties according to the depth direction energy distribution as said transform 
function, and measure hardness distribution of a surface layer as a surface layer property. 
[0011] Moreover, it can replace with said energy distribution and sound pressure distribution or displacement 
distribution can also be introduced. 

[0012] This invention is characterized by the surface layer property measuring device with which the 2nd means 
measures the property of the surface layer of this analyte from two or more acoustic signals received from 
analyte possessing the following. A sound reception means to receive the acoustic signal which spreads said 
analyte front face A group delay operation means to compute the group delay between two acoustic signals of 
the arbitration which received in a different location among two or more acoustic signals received with this sound 
reception means A surface layer property conversion means to change into the surface layer property of this 
analyte the group delay calculated with this group delay operation means 

[0013] In this case, it can also constitute so that said sound reception means may serve as both functions 
including a means to transmit an acoustic signal. • ) 

[0014] Moreover, the related storage section by which said surface layer property conversion means was stored 
in the relation between hardening layer thickness and group delay, The related storage section in which hardening 
layer thickness and the relation of sonic rate of change [ as opposed to a base material in constituting including 
the arithmetic circuit which calculates hardening layer thickness from said group delay based on said relation 
memorized by this related storage section **** ] were stored. The related storage section in which it constituted 
including the arithmetic circuit which calculates hardening layer thickness from said group delay based on said 
relation memorized by this related storage section, or the hardness of analyte and the relation of group-velocity 
rate of change were stored. Based on said relation memorized by this related storage section, it can constitute 
from said group delay including the arithmetic circuit which calculates the hardness distribution on the front face 
of analyte, respectively. 
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EXAMPLE 



[Example] Hereafter 1 operation gestalt of this invention is explained with reference to a drawing. 
[0018] The mode of propagation uses the supersonic wave of a surface wave at drawin g 1 , and the outline 
configuration of the surface layer property measuring device which measures the property of the hardening layer 
formed in the steel-materials front face is shown. 

[0019] Layer thickness measurement equipment is equipped with a receiver 1, a receiver 2, the sound receive 
section 3. a digitizer 4, the group delay operation part 5, the surface layer property operation part 6, and the 
output section 7 in this drawing. 

[0020] In drawin g 1 , among the surface waves which spread the field where the hardening layer 1 1 was formed in 
the front face of steel materials 10, a receiver 1 receives the supersonic wave 8 refracted in the receiver 1 side, 
concerned, and the receiver 2 left and arranged from the receiver 1 receives the supersonic wave 9 refracted in 
the receiver 2 side concerned. A supersonic wave 8 and a supersonic wave 9 are changed into an electrical 
signal, and are respectively changed into wave x(t) of a digital signal, and y (t) with the digitizer 4 which is 
amplified in the sound receive section 3 which consists of ultrasonic flow detectors etc., and consists of digital 
oscilloscopes etc. In a digitizer 4, this digital signal is held from a certain time of day about a supersonic wave 8 
as wave x(t) of the digital signal of the time amount section (a "time window" is called hereafter) of constant 
width, and is held about a supersonic wave 9 as wave [ of the digital signal of the time window which begins from 
the time of day which may differ from x (t) ] y (t). In addition, although an operator may specify logging of a time, 
window, as long as the near time amount in which a supersonic wave 8 and a supersonic wave 9 appear is known, 
the time window which fixed the time delay beforehand may be prepared. 

[0021] In the group delay operation part 5. group delay tauU (omega (omega) is the angular frequency of a 
supersonic wave) of two or more round wave number of said wave x(t) and wave y (t) is calculated, and the 
property of a surface layer is calculated by the surface layer property operation part 6. The calculated result is 
outputted in the output section 7. Moreover, the logging location and width of face of a time window are inputted 
from the input section 12. In addition, the same receiver is satisfactory for a receiver 1 and a receive section 2. 
However, it is necessary to change the location of a receiver and to receive a surface wave in that case, in a 
different location. 

[0022] The example of 1 configuration of the group delay operation part 5 and the function of each part are 
explained with reference to drawin g 2 . A control circuit 501 reads wave x(t) as controlled the change-over 
machine 502 and shown in drawing 3 from a digitizer 4, and wave y (t), and memorizes them in the wave x (t) 
memory 503 and the wave y (t) memory 504, respectively. Next, a control circuit 501 controls the change-over 
machine 505. reads a wave and makes the fourier converter 506 carry out the Fourier transform of the wave y (t) 
for a wave to wave x(t) by delivery and the fourier converter 506 from the wave x (t) memory 503 and the wave y 
(t) memory 504. Wave x(t) by which the Fourier transform was carried out, and y (t) are respectively memorized 
by the X (omega) memory 508 and the Y (omega) memory 509 which are further chosen with the change-over 
vessel 507 controlled by the control circuit 501. Next, based on the data point memorized by the X (omega) 
memory 508 and the Y (omega) memory 509, the cross spectrum of X (omega) and Y (omega) is computed with 
the cross-spectrum computing element 510, and the result of an operation is memorized in the Z (omega) 
memory 51 1. In addition, the X (omega) memory 508. the Y (omega) memory 509, and the Z (omega) memory 51 1 
consist of real number memory and imaginary memory, respectively. The cross spectrum memorized by the Z 
(omega) memory 511 is inputted phase characteristic computing-element 512, and the phase characteristic theta 
of a cross spectrum (omega) (refer to drawing 3 ) is computed. The computed migration property theta (omega) is 
differentiated with the phase differentiator 513, and a time delay is found. The propagation-time adder 514 adds 
time delay tauwindow between the time delay found with the phase differentiator 513, and the time window read 
from the wave **** condition memory 515. Group delay [ as a result of being added ] tauU (omega) is sent to the 
surface layer property operation part 6. 
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[0023] Procedure which asks for gr(^^^elay tauU (omega) from the phase cF^^^^eristic theta of a cross 

spectrum (omega) in the above func^^tauU =(omega) dtheta(omega)/d ome^Rau window ... (3) 

It is come out and expressed. This formula (3) shows that it can be computed even if group delay tauU (omega) 

has the optionality of 2npi in the phase theta of a cross spectrum (omega), since said 2npi is not contained as an 

element. 

[0024] The surface layer property operation part 6 has an arithmetic circuit 61 and memory 62, as shown in 
drawin g 4 . This example is an example which measures the thickness of a hardening layer as a property of a 
hardening layer. Hardening layer thickness and the relation of group delay are beforehand stored in said memory 
62. As an example of this relation, artificers show the example of the experimental result which performed 
distance of a receiver 1 and a receiver 2 as about 57mm to the bottom of the equipment configuration of drawing 
i to drawin g 5 . This drawing shows hardening layer thickness and the relation of the group delay of a 4.8MHz 
surface wave, and group delay is short in this drawing, so that hardening layer thickness becomes thick. That is, it 
turns out that group velocity is in the inclination which becomes so quick that hardening layer thickness is thick. 
From this, it can ask for this relation using the test piece whose thickness is two or more known kinds, and can 
ask for hardening layer thickness from group delay conversely by using as a calibration curve. In addition, the 
hardening layer thickness and the relation of group delay which are memorized in memory 62 are memorized 
about the wave number two or more rounds, and refer to the relation of a required frequency for them from 
memory 62. As for the frequency at this time, it is desirable to consider as the frequency which is extent the 
thickness of a hardening layer and whose order of wavelength correspond, and to use a probe with the large 
amplitude of that frequency region. 

[0025] In addition, the relation between hardening layer thickness and the sonic rate of change to a base material 
is sufficient as the data memorized in memory 62. Moreover, three or more receivers may be prepared, the group 
delay of the supersonic wave received, with two receivers of arbitration may be found, and same processing may 
be performed. 

[0026] Thus, since group delay tauU (omega) computed from a formula (3) is changed into the property of a 
surface layer with this operation gestalt Even if the optionality of 2npi is in the phase theta of a cross spectrum 
(omega), are computable. The need of calculating the value of n of 2npi of a phase like the above-mentioned 
phase time delay by this, The function which measures correctly, the measurement conditions, for example, the 
propagation path length, of a phase time delay, measurement conditions where the condition and surface layer of 
a base material are formed, that only the difference within 2npi is produced in the phase contrast of received 
waves, etc. become unnecessary, and a measurement process and an equipment configuration can be simplified. 
[0027] Here, the contents of concrete processing when measuring the property (thickness) of the hardening layer 
of the arithmetic circuit 61 of the surface layer property operation part 6 are explained. Drawin g 6 is a flow chart 
which shows processing of the surface layer property operation part 6, and the relation of data flow. 
[0028] In this processing, group delay tauU (omega) is read from the group delay operation part 5 at step 61 1 
after processing initiation, further, the thickness of a hardening layer and the relation of group delay are read from 
memory (related storage section) 62. and group delay is changed into thickness from this relation. Subsequently, 
the thickness of the hardening layer changed from group delay tauU at step 612 (omega) is outputted to the 
output section 7, and it asks that it is processing termination at step 613, and if it is not termination, it will return 
to step 61 1. In addition, the thickness of a hardening layer and the relation of sonic rate of change are sufficient 
as the data read from memory (related storage section) 62 at step 61 1. 

[0029] Next, an approach with it is explained. [ effective when the hardness of a hardening layer approaches the 
hardness of a base material continuously (a hardening layer actually shows such a property in many cases) ] 
[0030] The surface layer property operation part 6 shown in drawing 4 can be constituted as follows, when 
measuring the depth direction distribution of a hardening layer as a property of a hardening layer. That is, the 
relation between hardness as shown in drayying 1 . and group-velocity rate of change is stored in memory 62. 
Hardness needs to measure this relation beforehand using a known test piece etc. Moreover, an arithmetic circuit 
61 has the calculation function which changes group-velocity rate of change into hardness. 

[0031] Here, the example of concrete processing in an arithmetic circuit 61 is explained. Draw ing 8 is a flow chart 
which shows processing and data flow of an arithmetic circuit 61. Group delay tauU (k(omegak) =1-n) of two or 
more round wave number of n pieces is read from the group delay operation part 5 at step 614 after processing 
initiation. It divides into the false layer for count near the front face of analyte (a "count layer" is called 
hereafter) here, and is Un from U1 from the shallower one to order about the group velocity of each class. It sets. 
Here, a count layer is assumed to the depth from which the hardness of a hardening layer becomes equivalent to 
the hardness of a base material. As for the energy distribution of a surface wave, 90% or more of energy is 
distributed over one wave of within the limits under a front face, and it is known theoretically that the energy 
distribution will change exponentially ( elastic wave theory PAGA88 written by Yasuo Sato), for this reason, the 
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group velocity V of a certain wavelej^b (omega) — energy distribution Pk of^^fi count layer Group velocity Uk 
from — weight — if it assumes tha^^^ computable on the average V(omega^^sigma (Pk Uk) ... (4) 
(sigmaPk =1 [ however, ]) is materialized. In addition, sound pressure distribution, displacement distribution, etc. 
may be used instead of energy distribution. If a formula (4) is expressed about a total-session layer V=PU ... (5) 
It is expressed, nxl matrix and U to which V expresses the group velocity of angular-frequency omegak (k=1-n) 
here are the count layer k (k=1-n) (nxl matrix showing group velocity and P are the nxn matrices showing the 
energy distribution of angular-frequency omegak (k=1-n).). Energy distribution P will be the group velocity U of a 
count layer, if the group velocity V of angular-frequency omegak (k=1-n) is measured from the theory, since it is 
known. U=P-1V ... (6) 
It comes out and asks. 

[0032] However, since the propagation distance L has not measured correctly here, the group velocity V of each 
frequency contains the strange multiplier L Therefore, it depends for the group velocity U of a count layer on the 
strange multiplier L. However, since it can presume that the deepest count layer n in a count layer shows a group 
velocity comparable as a base material, group-velocity rate of change is calculated as a value by the strange 
multiplier L using the group velocity Un here. Group-velocity rate of change of each count layer (%) {(Uk-Un) /Un} 
*100... (7) 

It is given by (however, k=1-n). « 

[0033] In the above procedure, group-velocity rate-of-change distribution of the depth direction is computed at 
step 614. Next, at step 615. the relation between group-velocity rate of change and hardness is read from 
memory (related storage section) 62, and group-velocity rate of change is changed into hardness. And hardening 
layer thickness is outputted to the output section 7 at step 616, and it asks that it is processing termination at 
step 617, and if it is not termination, it will return to step 614. 

[0034] Here, although hardness distribution was searched for. if even the threshold hardness is defined as a 
hardening layer by making a certain hardness into a threshold, in step 615, it can ,ask for hardening layer thickness 
easily from hardness distribution. 

[0035] Thus, according to this operation gestalt, since group-velocity rate-of-change distribution of the depth 
direction is searched for for the group velocity of the deepest count layer as criteria (group velocity of a base 
material) for every measurement, a probe can be arranged in the distance of arbitration for every measurement. 
Therefore, with the irregularity on the front face of analyte, when the location of the probe index to the analyte of 
an acoustic signal or an outgoing radiation point is unstable, or when a propagation path is a curved surface, 
measurement becomes possible. 

[0036] In addition, in the above-mentioned operation gestalt, although the property of a surface layer was 
explained as the thickness of a surface layer, or hardness distribution of a surface layer, if it is the property which 
has group-velocity rate of change, such as a consistency, an elastic modulus, and residual stress, and correlation 
other than hardness in the rate of change of group velocity since it is the approach of evaluating a property 
secondarily as an index, it is theoretically measurable in the property by the same approach and equipment. 
[0037] Next, other operation gestalten are explained. This operation gestalt is an example in the case of making 
an analyte front face generate a surface wave actively, and shows that outline configuration to drawing 9 . 
[0038] Layer thickness measurement equipment is equipped with transceiver machine la, a receiver 2. sound 
transceiver section 3a, a digitizer 4, the group delay operation part 5. the surface layer property operation part 6, 
and the output section 7 in this drawing. With this layer thickness measurement equipment, transceiver machine 
la to ultrasonic 8a is transmitted in response to the transmitted pulse from sound transceiver section 3a which 
consists of ultrasonic flow detectors etc. Mode transformation of the ultrasonic 8a is carried out to a surface 
wave in an interface with steel materials 10. and it reflects at the edge of a wedge 12. and the surface wave, 
which carried out mode transformation is divided into ultrasonic 8b again refracted in a wedge, and the supersonic 
wave 9 which passes through an edge and is received with another receiver 2, receives these, respectively, and is 
similarly processed by the same each part as the above-mentioned operation gestalt. 

[0039] Thus, since it becomes unnecessary to newly prepare a sound transmitter when constituted, an equipment 
configuration can be simplified. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the outline block di agram of the measuring device of the surface layer property concerning the 
operation gestalt of this invention. 

[ Drawin g 2] It is the block diagram showing the configuration of the group delay operation part in drawin g 1 . 
[Drawing 3] It is the explanatory view showing the computation of the group delay in the group delay operation 
part in drawin g 1 . 

[Drawing 4] It is the block diagram showing the configuration of the surface layer property operation part in 
drawin g 1 . 

[Drawing 5] It is the explanatory view showing change of the group delay over hardening layer thickness. 
[ Drawin g 6] It is the flow chart which shows the procedure of the surface layer property operation part in drawin g 
4 . 

[ Drawin g 7] It is the explanatory view showing change of the group-velocity rate of change to hardness. 
[Drawing 8] It is the flow chart which shows other procedure of the surface layer property operation part in 
drawin g 4 . 

[Drawing 9] It is the outline block diagram of the measuring device of the surface layer property concerning other 
operation gestalten of this invention. 

[Drawing 10] It is the explanatory view showing the optionality of 2npi of a phase time delay. 
[Description of Notations] 

1 Receiver 

2 Receiver 

3 Sound Receive Section 

4 Digitizer 

5 Group Delay Operation Part 

6 Surface Layer Property Operation Part 

7 Output Section 

8 Supersonic Wave 

9 Supersonic Wave 

10 Steel Materials 

1 1 Hardening Layer 

1 2 Input Section 

61 Arithmetic Circuit 

62 Memory (Related Storage Section) 
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[ Drawin g 7] 




http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_eije 



61 



611 




5 

62 

7 



J 



[ Draw ing j] 



61 



614 



^ 



616 




617 



Yes 



62 



J 



[ Drawin g 9] 
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